A new eremophilanolide sesquiterpene, 1α,6β,10β-trihydroxyeremophila-7(11),8-dien-12,8-olide (macrophyllalarin A, 1), and along with 5 known eremophilanolide sesquiterpenes, 6α,10β-dihydroxyeremophila-7(11)-en-12,8-olide (2), 8β-hydroxyeremophila-7(11)-en-12,8α(15,6α)-diolide (3), 6α,15β-epoxy-8β-hydroxyeremophila-7(11)-en-8α,12-olide (4), 6β,10α-dihydroxy-1-oxo-eremophila-7(11),8-dien-8,12-olide (5), and 1β,10-epoxy-6β,8β-dihydroxyeremophila-7(11)-en-8α,12-olide (6), were isolated from the roots and rhizomes of Ligularia macrophylla. The structure of the new compound was identified by comprehensive spectral analysis.
There are more than 110 species of Ligularia (Compositae) in China, mainly distributed in southwest, northwest, and north China. 1, 2 So far, about 40 species of Ligularia have been studied for their chemical constituents. Many research groups have isolated and identified various chemical constituents (sesquiterpenoids, monoterpenes, diterpenoids, triterpenoids, lignans, sterols, benzofurans, phenylpropanes, pyrrolizidine alkaloids [PA], phenylpropanoids, and flavonoids) from the genus Ligularia. [3] [4] [5] Some previous study reported that the chemical constituents of Ligularia macrophylla collected from different places showed large differences, then the diversity of chemical substances in this species is present. [6] [7] [8] [9] In order to enrich the chemical composition diversity of the same plant species at different collection sites, the chemical constituents of L. macrophylla which grows in the Yili river valley of Xinjiang were systematically studied. This paper reports the isolation and characterization of 1 new eremophilanolide sesquiterpenes, macrophyllalarin A (1), together with 5 known analogs, 6α,10β-dihydroxyeremophila-7(11)-en-12,8-olide (2), 10 8β-hydroxyeremophila-7(11)-en-12,8α(15,6α)-diolide (3), 11 6α,15β-epoxy-8β-hydroxyeremophila-7(11)-en-8α,12-olide (4), 12 6β,10α-dihydroxy-1-oxo-eremophila-7(11),8-dien-8,12-olide (5), 13 and 1β,10-epoxy-6β,8β-dihydroxyeremophila-7(11)-en-8α,12-olide (6) 14 (Figure 1 Figure 2 ). It is preliminarily speculated that the compound is a lactone eremophilane type sesquiterpene with 2 double bonds between C-8/C-9 and C-7/C-11, and a lactone ring linked between C-8 and C-12. 15 Combined with the molecular formula C 15 H 20 O 5 and the HMBC correlations of H-9 with C-10, C-8; H-6 with C-5, C-7; and H-1 with C-5, C-2, and C-10, 3 hydroxy groups should be located at C-1, C-6, and C-10, respectively.
The stereochemistry of the compound 1 was determined by the NOESY experiment and analysis of 1 H-NMR characteristic signals. β-Orientation was assigned to the C-15 and C-14 methyl groups on the basis of biogenetic precedents. 16 The NOESY correlation between H-1/H 3 -14 and the coupling pattern of H-1 [δ H 3.85 (1H, dd, J = 4.4, 12.1 Hz)] determined the same β-axial orientation of both CH 3 -14 and H-1, thus the OH at C-1 should be α-configuration. In the like manner, the NOESY correlation between H-6/H-4 indicated that the OH at C-6 should be β-configuration. Considering relative low-field chemical shift of CH 3 -14 (δ H 1.27) in relation to CH 3 -15 (δ H 0.81), the type of A/B condensed ring is cis-fused, so the OH at C-10 was determined to be β-orientated. [17] [18] [19] Thus, compound 1 was determined as 1α,6β,10β-trihydroxyeremophila-7(11),8-dien-12,8-olide and given the name macrophyllalarin A.
Compound 1 was the major eremophilane component of the present sample. A related compound, 1α,6β,10β-trihydroxyfurano-eremophilane (euryopsol), has been isolated from other Senecioneae species, an Euryops species, 20 and Senecio nemorensis. 21 Because furanoeremophilanes and eremophilane-8,12-olides are strongly correlated, 22 the present results indicate some correlation with these genera.
Ligularia macrophylla is mainly distributed in China. 1 It is reported that the characteristic chemical constituents of L. macrophylla collected from Lijiang in Yunnan province are lignans, 23 unlike this the characteristic chemical constituents of L. macrophylla collected from Xinjiang regions are eremophilane sesquiterpenes. Focusing on eremophilanes in L. macrophylla, most of them are furanoeremophilanes or eremophilan-12,8-olides with a variety of oxygen functionalities. In a sample from Kashikar region of south Xinjiang, the major characteristic chemical constituents were 9-oxygenated furanoeremophilanes. 6, 12 These compounds were not obtained from a sample in Manas River of north Xinjiang, but benzofuran type of rearranged eremophilanes was isolated together with 1(10)-epoxyfuranoeremophilanes. 7 In contrast, less-oxidized eremophilanes, such as furanoeremophilan-15,6a-olide, were isolated from a sample of Kaskelen canyon of Kazakhstan. 24 Interestingly, the samples from Yili River of north Xinjiang (this study, 600 km east from Manas River), both 15,6α-olide (3), as in the Kazakhstan sample, and 1(10)-oxidized compounds, as in the Manas River sample, were obtained. The results indicate that L. macrophylla is diverse in chemical components caused by geographical separation, but the composition of the eremophilane compounds is not clearly separated but continuous. 
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